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(57) ABSTRACT

An electronic device that includes a printed board with a
surface over which a heating element 1s mounted, and a
hermetically sealed housing that has thermal conductivity
and accommodates the printed board therein. The printed
board has a through hole therein, and a projection on a
surface of the housing 1s thermally coupled to the heating
clement through the through hole.
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ELECTRONIC DEVICE HAVING A
HERMETICALLY SEALED HOUSING WITH
INTERNAL PROJECTION

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to Japanese Patent
Application No. 2017-228069, filed Nov. 28, 2017, the
entire contents of each of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to electronic devices where

boards on which a large number of electronic components
are mounted are accommodated 1n respective housings.

Description of the Related Art

In a photovoltaic (PV) system for an ordinary household,
direct-current (DC) power generated in a solar panel 1s
converted 1n a power conditioner into commercial alternat-
ing-current (AC) power and 1s supplied to an AC load 1in the
household or a commercial power system.

Specifically, power generated 1n a solar panel 1s boosted
in voltage by a PV converter, undergoes maximum power
point tracking (MPPT) control, and 1s converted into com-
mercial AC power 1 an inverter. After that, the inverter
supplies the commercial AC power to an AC load or a
commercial power system.

If designed for outdoor placement, the power conditioner
has a hermetically sealed housing that accommodates
therein a PV converter board where a large number of
clectronic components constituting the PV converter are
mounted, an inverter board where a large number of elec-
tronic components constituting the inverter are mounted,
and the like to prevent penetration of rainwater or foreign
substances.

While a reactor and a switching element for boosting a
DC voltage are mounted on the PV converter board, a
reactor and a switching element for converting DC power
into AC power are mounted on the inverter board.

Since the calonfic values of such elements are high,
eflicient radiation of the calorific value of the reactor, which
1s very high, to the outside of the housing i1s needed. Since
heat cannot be radiated to the outside of the housing using
a cooling fan in the above-described hermetically sealed
power conditioner, 1t 1s needed to efliciently transfer the heat
generated from a heating element to a radiator, such as a heat
sink, so as to radiate the heat.

Japanese Patent No. 5762508 discloses a structure to
radiate the heat generated from a reactor mounted on a
board.

In the radiation structure of the reactor disclosed in
Japanese Patent No. 5762508, to radiate the heat generated
from the reactor mounted on the board, the reactor 1s
accommodated 1n a casing and a top surface, a side surface,
or a bottom surface of the casing 1s caused to be in contact
with a cooler by using a grease. Thus, the casing for
accommodating the reactor 1s needed and as a result, the
number of components increases and space for placing the
reactor increases as well.

Since a typical reactor 1s a component with a terminal,
normally, the reactor 1s soldered by a flow process after
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soldering the other surface-mounted components by a reflow
process. Thus, when the reactor has a casing, a problem
arises 1n that there 1s an increase 1n design constraints due to
the necessity to store the reactor 1n the casing in advance to
achieve a one-time flow process and the necessity to suitably
control the amount of the grease to be applied at a stage prior
to the flow process.

SUMMARY OF THE INVENTION

The present invention has been conceived in view of such
circumstances and 1s aimed at providing an electronic device
that can stably radiate the heat generated from a heating
component mounted over a board by using a simple struc-
ture.

An electronic device to solve the above-described prob-
lem 1includes a printed board with a surface over which a
heating element 1s mounted, and a hermetically sealed
housing that has thermal conductivity and accommodates
the printed board therein. The printed board has a through
hole therein, and a projection on a surface of the housing 1s
thermally coupled to the heating eclement through the
through hole.

This structure enables the heat generated from the heating
clement to be radiated to the housing through the projection.

It 1s preferable that, in the above-described electronic
device, the heating element 1s a toroidal coil and a coil center
of the toroidal coil 1s positioned to accord with centers of the
through hole and the projection.

This structure enables the toroidal coil and the projection
to be thermally coupled in the through hole substantially
evenly 1n their circumierential direction.

It 1s preferable that, in the above-described electronic
device, the projection be formed integrally with the housing.

This structure enables the heat radiated to the projection
to be radiated stably to the housing.

It 1s preferable that the above-described electronic device
further include a heat radiation sheet between the toroidal
coil and the projection.

This structure enables the toroidal coil and the projection
to be thermally coupled stably.

It 1s preferable that the above-described electronic device
turther include a co1l mount between the toroidal coil and the
printed board.

This structure enables insulation between the toroidal coil
and the printed board to be ensured.

It 1s preferable that, in the above-described electronic
device, the projection be formed by cutting out part of a base
of the housing.

This structure enables the projection to be integrally
formed with the housing.

It 1s preferable that, in the above-described electronic
device, the projection be formed by performing a drawing
process on part of a base of the housing.

This structure enables the projection to be integrally
formed with the housing.

It 1s preferable that, in the above-described electronic
device, a heat radiation fin be provided on an outer surface
of the housing.

This structure enables the heat radiated to the housing to
be radiated from the heat radiation fin to the outside of the
housing.

Other features, elements, characteristics and advantages
of the present invention will become more apparent from the




US 10,881,024 B2

3

following detailed description of preferred embodiments of
the present invention with reference to the attached draw-

ngs.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view that illustrates a radiation
structure of a toroidal coil according to an embodiment;

FIG. 2 1s a plan view that illustrates the toroidal coil
attached over a printed board; and

FIG. 3 1s a perspective view that illustrates another
example of a projection.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1l

A specific embodiment of the present invention 1s
described below by referring to the drawings. FIGS. 1 and
2 cach 1llustrate part of an inverter board accommodated 1n
a substantially cuboid-like hermetically sealed housing of a
power conditioner that constitutes a PV system for an
ordinary household.

A toroidal coil 1 1s mounted over a printed board 2 as a
component that constitutes a PV converter, an inverter
circuit that converts DC power with a voltage boosted 1n the
PV converter into AC power, or both of the PV converter and
the 1inverter circuit.

A through hole 3, which i1s substantially circular, 1s
formed 1n the printed board 2 1n a position where the toroidal
coil 1 1s mounted. The through hole 3 1s made to have a
diameter slightly smaller than the outside diameter of the
toroidal coil 1. Both ends of a conducting wire that consti-
tutes the coil are mserted 1nto the printed board 2 around the
through hole 3 and soldered. The toroidal coil 1 1s mounted
over the printed board 2 so that the coil center of the toroidal
coil 1 accords approximately with the center of the through
hole 3. It 1s not necessarily needed for the coil center of the
toroidal coil 1 and the center of the through hole 3 to
substantially accord with each other, and 1t 1s at least desired
that both ends of the conducting wire of the toroidal coil 1
can be mserted into the printed board 2 around the through
hole 3 and the toroidal coil 1 1s 1n a position that faces the
through hole 3.

An annular coil mount 4 1s 1interposed between the toroi-
dal coil 1 and the printed board 2. The coil mount 4 1s formed
of a synthetic resin plate having insulation properties to
ensure 1sulation between the coil conductor of the toroidal
coil 1 except the soldered portion and the printed board 2
and has a function to define the attachment height of the
toroidal coil 1 relative to the printed board 2.

The printed board 2 where the toroidal coil 1 and the other
clements are mounted 1s fixed 1n a predetermined attachment
position 1n a housing 5. The housing 5 1s formed of metal
with excellent thermal conductivity into a substantially
cuboid-like shape and, 1n a state where the printed board 2
1s attached in the housing 5, a substantially cylinder-like
projection 6 1s formed in a position that faces the through
hole 3.

The projection 6 1s formed toward the printed board 2
attached 1n the predetermined position so as to have a height
and a diameter with which the projection 6 projects in the
through hole 3. Specifically, the projection 6 1s formed so as
to have a height with which the projection 6 projects to an
intermediate portion of the printed board 2 1n its thickness
direction 1n the through hole 3 and i1s formed so as to have
a diameter with which the projection 6 faces the coil
conductor of the toroidal coil 1. A heat radiation sheet 7 1s
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attached on an upper surface of the projection 6. The heat
radiation sheet 7 1s made from, for example, a silicone-based
material excellent in thermal conductivity and has flexibility
for close contact with the coil conductor of the toroidal coil
1.

When the printed board 2 1s attached in the housing 5, the
heat radiation sheet 7 i1s sandwiched between the coil
conductor of the toroidal coil 1 and the projection 6 and 1s
thermally coupled.

The projection 6 1s formed by cutting part of the housing
5 out. Thus, the projection 6 i1s itegrally formed with the
housing 5 and stable thermal conductivity from the projec-
tion 6 to the housing 5 1s ensured. As illustrated in FIG. 3,
the projection 6 may be formed by performing a drawing
process on part of the housing 5.

The projection 6 1s formed so that when the printed board
2 15 attached 1n the housing 3, the center of the projection 6
in 1ts radial direction substantially accords with the coil
center of the toroidal coil 1.

A heat radiation fin 8 1s formed on the underside of the
base of the housing 5 and radiates the heat radiated from the
toroidal coil 1 and the other heating elements to the housing
5 to the outside of the housing 5.

The action of the toroidal coil 1 mounted over the printed
board 2 in the housing 5 as described above 1s described
below.

To place the printed board 2 1n the housing 5, the toroidal
coll 1 and the other elements are mounted over a front
surface of the printed board 2 1n advance, and the toroidal
coil 1 and the other elements are soldered on a wiring pattern
on a back surface of the printed board 2. Among the
components except the toroidal coil 1, the surface-mounted
components are soldered by a retlow process first, and then
the components with terminals, which include the toroidal
coil 1, are soldered by a tlow process. The projection 6 1s
formed on the base of the housing 5 1n advance and the heat
radiation sheet 7 i1s placed on the upper surface of the
projection 6.

When the printed board 2 1s subsequently secured in the
predetermined position in the housing 5, the projection 6
projects to an intermediate portion of the printed board 2 1n
its thickness direction and the toroidal coil 1 on the side of
the printed board 2 1s thermally coupled to the projection 6
with the heat radiation sheet 7 interposed therebetween.

When, after that, a control board of the inverter, a PV
converter board, and a control board of the PV converter
board, and so on are attached in the housing 35 and the
housing 5 1s hermetically sealed by attaching a top plate, a
hermetically sealed power conditioner 1s formed as a result.

In the power conditioner structured as described above,
when the toroidal coil 1 generates heat, the heat 1s radiated
from the projection 6 to the housing 5 and radiated from the
heat radiation fin 8 to the outside of the housing 3. Thus, the
heat generated from the toroidal coil 1 1s efliciently radiated.

The above-described attachment structure of the toroidal
coil 1 can bring advantages enumerated below.

(1) The heat generated from the toroidal coil 1 can be
radiated to the housing 5 through the projection 6, which
projects 1n the through hole 3 of the printed board 2. Thus,
alter soldering the toroidal coil 1 on the printed board 2,
formation of a radiation path to the heat radiation fin 8 owing
to the projection 6 can be achieved together with the
attachment of the printed board 2 into the housing 5.

(2) The projection 6 1s integrally formed with the base
portion of the housing 5 by cutting out from a member that
constitutes the base portion of the housing 3 or by a drawing
process. Since extra preparation ol a member for thermally




US 10,881,024 B2

S

coupling the toroidal coil 1 to the housing 5 1s unnecessary,
an increase in the number of components can be nhibited.

(3) Since the heat radiation sheet 7 1s sandwiched between
the toroidal coil 1 and the projection 6, the heat radiation
sheet 7 can be caused to come 1nto close contact with the
toroidal coil 1 and the projection 6. Accordingly, the heat
generated from the toroidal coil 1 can be radiated stably to
the projection 6 through the heat radiation sheet 7.

(4) Spacing between the toroidal coil 1 mounted over the
printed board 2 and the upper surface of the projection 6 can
be easily managed by managing the height of the projection
6 from the base of the housing 5, the height of a nb for
attaching the printed board 2 into the housing 5, and the
thickness of the co1l mount 4. Accordingly, when the printed
board 2 over which the toroidal coil 1 1s mounted 1s placed
in the housing S, the heat radiation sheet 7 can be sand-
wiched and fixed between the toroidal coil 1 and the
projection 6 stably and in addition, selection of the thickness
of the heat radiation sheet 7 can be facilitated.

(3) Since extra preparation of a radiation member for
thermal coupling with the housing 5 1s unnecessary on the
upper surface side of the toroidal coil 1, reduction 1n the
profile of the printed board 2 over which the toroidal coil 1
1s mounted can be achieved. As a result, reduction in the
profile of the substantially cuboid-like housing 5 can be
achieved.

(6) The heat generated from the toroidal coil 1 can be
radiated to the outside of the housing 5 by using the heat
radiation {in 8 provided on the underside of the housing 5 to
radiate the heat generated from the other heating elements,
which include a switching element, to the outside of the
housing 5. Accordingly, the heat generated from the toroidal
coil 1 can be radiated from the heat radiation fin 8 to the
outside of the housing 5 without preparing another heat
radiation {in.

(7) Decrease 1n radiation effect accompanied with posi-
tional deviation between the toroidal coil 1 and the projec-
tion 6 can be prevented by causing the coil center of the
toroidal coil 1 and the centers of the through hole 3 and the
projection 6 to substantially accord with each other.

The above-described embodiment may be changed as
follows.

The structure according to the above-described embodi-
ment may be used as a radiation structure for radiating the
heat generated from the heating elements except the toroidal
coil, which are a switching transistor, a central processing
unit (CPU), and a battery for example.

The housing may be formed of a synthetic resin having
thermal conductivity.

As regards the projection, a mount separate from the
housing may be provided on the base of the housing.

While preferred embodiments of the invention have been
described above, 1t 1s to be understood that variations and
modifications will be apparent to those skilled in the art
without departing from the scope and spirit of the invention.
The scope of the invention, therefore, 1s to be determined
solely by the following claims.

What 1s claimed 1s:

1. An electronic device comprising:

a printed board having first and second opposing surfaces
and defining a through hole extending between the first
and second surfaces;

a heating element adjacent the first surface of the printed
board and extending over the through hole; and

a hermetically sealed housing that has thermal conduc-
tivity and accommodates the printed board within an
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internal space defined by the hermetically sealed hous-
ing, the hermetically sealed housing including

an integral projection on an internal surface and that
extends into the internal space by the hermetically
sealed housing, the projection extending into the
through hole and thermally coupled to the heating
clement through the through hole,

wherein the heating element 1s a toroidal coil and a coil
center of the toroidal coil 1s positioned to accord with
centers ol the through hole and the projection.

2. The electronic device according to claim 1, wherein the
through hole has a diameter smaller than an outside diameter
of the toroidal coail.

3. The electronic device according to claim 1, further
comprising a heat radiation sheet between the toroidal coil
and the projection.

4. The electronic device according to claim 3, wherein the
heat radiation sheet comprises a thermally conductive mate-
rial.

5. The electronic device according to claim 4, wherein the
thermally conductive material 1s a silicone-based material.

6. The clectronic device according to claim 3, further
comprising a coil mount between the toroidal coil and the
printed board.

7. The electronic device according to claim 6, wherein the
coll mount 1s formed of a synthetic resin plate having
insulation properties.

8. The electronic device according to claim 1, wherein the
projection 1s a cut out part of the housing.

9. The electronic device according to claim 1, wherein the
projection 1s a drawn out part of the housing.

10. The electronic device according to claim 1, further
comprising a heat radiation {in on an outer surface of the
housing.

11. An electromic device comprising: a printed hoard
having first and second opposing surfaces and defining a
through hole extending between the first and second sur-
faces:

a heating element adjacent the first surface of the printed

board and extending over the through hole; and

a hermetically sealed housing that has thermal conduc-
tivity and accommodates the printed board within an
internal space defined by the hermetically sealed hous-
ing, the hermetically sealed housing including,

a single projection extending from an internal surface
thereol into the internal space, the single projection
extending into the through hole, thermally coupled to
the heating element through the through hole and
supporting the heating element above the internal
space,

wherein the heating element 1s a toroidal coil and a coil
center of the toroidal coil 1s positioned to accord with
centers ol the through hole and the projection.

12. The electronic device according to claim 11, wherein
the through hole has a diameter smaller than an outside
diameter of the toroidal coil.

13. The electronic device according to claim 11, wherein
the single projection 1s integral with the hermetically sealed
housing.

14. The electronic device according to claim 11, wherein
the projection 1s a cut out part of the housing.

15. The electronic device according to claim 11, wherein
the projection 1s a drawn out part of the housing.
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